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LHC Machine Parameters 
 Protons 
Parameter U n i ts  N o mi n al  U l ti mate 
N u mb e r  o f  B u n c h e s   2 80 8 2 80 8 
B u n c h  Sp a c i n g  n s  2 5  2 5  
P r o t o n s  p e r  B u n c h  1 0 11 1 . 1  1 . 7  
Av e r a g e  B e a m C u r r e n t  A 0 . 5 6  0 . 86  
N o r m.  T r a n s .  E mi t t a n c e  µm 3 . 7 5  3 . 7 5  
L o n g i t u d i n a l  E mi t t a n c e  e V . s  2 . 5  2 . 5  
P e a k  R F  V o l t a g e  M V  1 6  1 6  
R F  F r e q u e n c y  M H z  4 0 0  4 0 0  
r . m. s .  B u n c h  L e n g t h  c m 7 . 7  7 . 7  
r . m. s  E n e r g y  Sp r e a d  1 0 -4 1 . 1  1 . 1  
I B S E mi t t a n c e  G r o w t h   h r  1 1 5  7 6  
B e t a  a t  I P 1 -I P 5  m 0 . 5  0 . 5  
F u l l  C r o s s i n g  An g l e  µ r a d  3 0 0  3 0 0  
L u mi n o s i t y  R e d u c t i o n  d u e  
t o  C r o s s i n g  An g l e  
 0 . 81  0 . 81  
L u mi n o s i t y  a t  I P 1 -I P 5  1 0 3 4 c m-2 s -1 1 . 0  2 . 3  
 
Sa t e l l i t e  b u n c h e s  f r o m 4 0 0  M H z  R F  l o c a t e d  2 . 5  n s  f r o m n o mi n a l  b u n c h e s  
L u mi n o s i t y  f r o m t h e s e  b u n c h e s  w i l l  b e  s ma l l  - < 1 %
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 Pb-i o n  
 
E n e r g y  p e r  c h a r g e  ( 82Pb)   E  =  7  T e V  
B u n c h  i n t e n s i t y     N i o n s  =  7 . 0  × 1 0 7 i o n s  
E m i t t a n c e  a n d  β*    S a m e  a s  f o r  p r o t o n  o p e r a t i o n  
C r o s s i n g  a n g l e      α =  2 0 0  µr a d  
Nu m be r  o f  bu n c h e s :    Nb =  5 9 2  
T o t a l  l u m i n o s i t y :     1 0 27 c m -2 s e c -1 
L u m i n o s i t y  l i f e t i m e :    τ l u m i =  8 . 4  h r s  ( l i m i t e d  by  n u c l e a r  e f f e c t s )  
      scales with luminosity & number of experiments 
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LHC Machine Operation 





3-b a t c h  a n d  4 -b a t c h  c y c l e s  f r o m  P S  i n t e r l e a v e d  i n  t h e  f o r m  334  334  334  333 
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 Pb-i o n s 
 
 B u n c h  sp a c i n g :  1 0 0  n s 
 H a r m o n i c  N u m be r  =  8 9 1  
 T o t a l  n u m be r  o f  bu n c h e s =  5 9 2  
 G a p  be t w e e n  a d j a c e n t  PS  bu n c h e s =  2 2 5  n s 
 L H C  B e a m  D u m p  G a p  =  3  µs 
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 Batches from the PS will be interleav ed  as 
 
3 x ( 1 3  1 2  1 2 )  +  1 x ( 1 3  1 3  8 )  
 
 
             O R  
 
3 x [ 2 x { 1 3 x [ 4 b + 1 . 2 5 e ] ) + 7 . 7 5 e } + ( 1 2 x [ 4 b + 1 . 2 5 e ] + 7 . 7 5 e ] + 1 x [ 2 x { ( 1 3 x [ 4 b + 1 . 2 5 e ] ) + 7 . 7 5 e } + ( 8 x [ 4 b + 1 . 2 5 e ] ) ] + 2 8 . 7 5 e  
 
where 
b=  bu nch 
       e =  emp ty  ( x  1 0 0  ns)
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LHC Luminosity 
 
 P i l o t  R u n  
 
 S i n g l e  b e a m  a n d  s i n g l e  b u n c h  
 
 B u n c h  i n t e n s i t y :  N b ~  0 . 5  × 1 0 1 0  p r o t o n s  
 
 B u n c h  l e n g t h :  τ <  5  n s  
 
 
 F i r s t  C o l l i s i o n s  
 
 A s  f o r  P i l o t  R u n  b u t  w i t h  b o t h  b e a m s  
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 Commissioning Beam Parameters 
 
 R ed u c e b eam p ow er  
 
o R ed u c e risk  f or q u enc h  and  d amage 
 
o 1 0 %  of  b eam p ow er 
 
   7 5  ns b u nc h  sp ac ing ( 9 4 0  b u nc h es)     
   ~ 1 / 4  of  th e nominal  b u nc h  c u rrent 
 
 R ed u c e b eam emittanc e 
 
 I nc rease β* 
 
 Commissioning Peak L < 2 × 1 0 32 c m-2 sec -1 
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 I n i t i a l  P h y s i c s  R u n  
 
 At initial physics run start-up 
 
o S tart w ith the  co nd itio ns o f  the  co m m issio ning  run 
 
o E q uiv ale nt o f  2 0 0  d ays w ith such param e te rs w ill yie ld  L  ~  2  f b -1 
 
 
 Aim  af te r o ptim isatio n 
 
o T he  aim  is to  re ach a pe ak  lum ino sity o f  ~ 2  × 1 0 3 3  cm -2 se c-1 
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 LHC M a c h i n e  S t a g i n g  
 
 Install 8 of the 20 LHC dump dilution kicker elements for the initial run. 
 
o Limits max imum acceptab le total b eam intensity  in each LHC ring  to half of 
nominal b eam intensity . 
 
 In order to av oid potential prob lems due to electron cloud effects,  LHC operation 
w ill start w ith 7 5  ns. 
 
o E lectron cloud effect does not occur for such b unch spacing . 
 
o U se this set of parameters to condition the LHC v acuum ( b eam scrub b ing )  
 
 D elay  installation of 200 M Hz  capture R F  sy stem 
 
 
 R eaching  a peak luminosity  of 1 034 cm-2 sec-1 in the initial phy sics run is ruled out. 
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LHC Proton Operation Cycle 
 
 A b o r t  l u m i n o s i t y  r u n  a f t e r  a b o u t  1 4  h o u r s  
 
 T u r n a r o u n d  t i m e :  
 
         Ramp down all magnet currents from 7 TeV to 450 GeV  2 0 mi nutes 
 
         Ramp up to i nj ecti on and sy stem reset             5 mi nutes ( ? )  
   
         I nj ect new b eams:          
 
              M ach i ne adj ustments                       4 mi nutes 
 
              A ctual fi lli ng                                 7 mi nutes 
 
         Ramp up all magnet currents from 450 GeV to 7 TeV    2 0 mi nutes 
 
        C olli si on adj ustments                    5 mi nutes 
 M i ni mum turnaround ti me of ab out 1  h our ( access allowed! )  
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Luminosity Run and Integrated Luminosity 
 
A s s u m e :  I n t r a -b e a m  s c a t t e r i n g  B e a m  b l o w -u p  w i t h  τ =  1 0 0  h  ( n o m )  
  B e a m -r e s t  g a s  s c a t t e r i n g  I n t e n s i t y  d e c a y  w i t h   τ =  8 5  h  ( n o m )  
  B e a m -b e a m  i n t e r a c t i o n  I n t e n s i t y  d e c a y  w i t h  τ =  1 6  h  ( n o m )  
     ( 1 / 2  v a l u e ,  2  h i g h  l u m i n o s i t y  I P ’ s )  
  
N e g l e c t :  R a d i a t i o n  d a m p i n g ,  r i p p l e  b l o w u p ,  d y n a m i c a l  β *  s q u e e z e  
  L o s s e s  d u e  t o  n o n -l i n e a r i t i e s ,  c o l l e c t i v e  i n s t a b i l i t i e s  
 
  







Turn-a ro und  t i m e  Tt urn 
& 
L um i  l i f e t i m e  τlumi 
 
O p t i m a l  l e ng t h  o f  p h y s i c s  run 
Trun 
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 Estimate of integrated luminosity (nominal parameters 1 . 0 × 1 0 34 c m-2s-1) 
 
 A ssume 2 0 0  days of running 
 
 G ood turn-around time c ruc ial for h igh  integrated  luminosity.  
 
 Ex pec t ab out 10  h o u r s  turn-around time 
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 Calculation of Luminous Region (±s)   L(s)  =  ∫  L(s′ )  d s′ 
 
 




Lav(s)  =  1 / T  ∫  ∫  L(s′ , t)  d s′ d t 
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 L um i n o si ty  r ed uc es b y  ~ 2 0 %  f o r  a  c r o ssi n g  a n g le o f  3 0 0  µ r a d  
 
 L um i n o us Reg i o n  
 
% of Luminosit y  Luminous R e g ion s [ c m]  
1 0 0  ± 1 2  
95  ±9 
90  ±8 
85  ±6. 5  
80  ±6 
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  
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 Acceptable Size of Luminous Region for LHC Experiments 
 AT LAS 
 
o Stud ies for th e AT LAS I nner D etector reconstruction h av e been 
mad e for a fid ucial acceptance of z =  ± 1 1 . 2  cm 
o I n ord er to preserv e th e assumed  performance of AT LAS,  at most 
5 %  of th e integrated  luminosity  may  be outsid e of z =  ± 1 1 . 2  cm 
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 CMS 
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Luminosity Monitoring 
 
 E x p e r i m e n t s  r e q u i r e  l u m i n o s i t y  t o  b e  u n i f o r m  a c r o s s  b u n c h e s  
 
 D e t e c t o r  p e r f o r m a n c e  d e p e n d s  o n  n u m b e r  o f  
   i n e l a s t i c  e v e n t s  i n  s a m e  b u n c h  c r o s s i n g  
 
 M o n i t o r e d  b y  e x p e r i m e n t s  
 
 
 M a c h i n e  M o n i t o r i n g  
                 
    CDF Trigger Rate/Bunch 
 F a s t  c u r r e n t  t r a n s f o r m e r s  a t  P o i n t  4  
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Machine and Experiment Information Exchange 
 
 
   H a r d w a r e  a n d  s o f t w a r e  l e v e l  
 W h e n  a r e  s t a b l e  c o n d i t i o n s  r e a c h e d ?  
 A r e  b a c k g r o u n d  c o n d i t i o n s  d e t e r i o r a t i n g ?  
 I s  t h e  l u m i n o s i t y  s h a r e d  e q u a l l y ?  
 W h e n  t o  e n d  a  l u m i n o s i t y  f i l l ?  
 A r e  d a n g e r o u s  ( f o r  p e o p l e  /  e q u i p m e n t )  c o n d i t i o n s  a p p r o a c h i n g ?  
 
 U n d e r s t a n d  t h e  c a u s e s  o f  e r r o r  s y m p t o m s  
 H a v e  d i a g n o s t i c  i n f o r m a t i o n  a t  h a n d  
 N e e d  t o  b e  r e c o r d e d  a s  w e l l  f o r  l a t e r  a n a l y s i s  ( h i s t o r y )  
 T r y  t o  p r e v e n t  h a z a r d o u s  c o n d i t i o n s  
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 Real time information provided by 
 
E x periments  
I nc lu ding  mag nets  and c ryog enic s  
M ac h ine 
A c c elerator c omplex  
C ryog enic s  
T ec h nic al infras tru c tu re 
A c c es s  c ontrol 
S afety 
 
 Report on U s er Req u irements  from th e 
       L H C  D ata I nterc h ang e W G  ( L D I W G )  
 
  N eed s tandardis ed interfac es  
F lex ibility to add new  information 
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 Low frequency exchange 
 
 N o b and wi d t h  l i m i t at i on 
 Lat ency of < 1  s  
 T i m e-s t am p i ng 0 . 1  s  p reci s i on 
 P rot ocol  and  i m p l em ent at i on 
o T o b e d efi ned  
o C om m erci al  s ol ut i on  
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 Machine to Experiments ( u pd ate ev ery  second  or minu te)  
 
 Operation status 
 
o I nj ec ting ,  f il l ing ,  ram ping ,  c ol l id ing ,  optim ising ,  ph y sic s,  …  
o Operator c om m ents 
 
 S tatus of  R F  units,  v al v es and  g aug es 
 S etting s of  m ag nets c l ose to ex perim ent 
 S etting s of  c ol l im ators 
 B eam  param eters 
 
o C urrents ( total  and  per b unc h )  
o E nerg y  
o B eam  position 
o I nc l ud e al so inf orm ation f rom  S P S  ( inj ec tor)  
 
 L um inosity  
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 Experiments to Machine 
 
 Data taking status 
o I nte r l o c k ( e . g.  inj e c tio n inh ib it)  
o R e q ue st o f  b e am  d um p  
 
 M agne t status 
o C ur r e nts and  p o l ar ity  
 
 P o sitio n o f  m o v ab l e  d e te c to r  c o m p o ne nts 
 
 B ac kgr o und  m e asur e m e nts 
o S p atial  and  te m p o r al  d istr ib utio n 
 
 R ad iatio n m o nito r ing 
o E sp e c ial l y  d ur ing inj e c tio n and  r am p ing 
 
 B e am  c h ar ac te r istic s 
o A s d e te r m ine d  b y  th e  e x p e r im e nts th e m se l v e s 
o v e r te x  p o sitio n,  b e am  til ts,  l o ngitud inal  siz e  o f  inte r ac tio n r e gio n 
 
 I nstantane o us l um ino sity  
 
  V ar io us so ur c e s ( c al o r im e te r  c ur r e nts,  d e d ic ate d  c o unte r s,  … )
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 Experiment to Experiment(s) 
 
 S u b -set of  th e inf orma tion prov id ed  b y  experiment(s) to th e ma c h ine 
 
 C onc entra te on ru nning  c ond itions 
 
  S ta tu s of  experiment 
   R emov e th e inj ec tion inh ib it promptl y  
  B a c k g rou nd  c ond itions 
   F rom v a riou s d etec tor c omponents 
I nd ic a te spa tia l  a nd  tempora l  d istrib u tion 
L u minosity  su mma ry  
G et eq u a l  sh a ring  (b etw een I P 1  a nd  I P 5 ) 
 
 
N ote:  experiments w il l  a l so rec eiv e inf orma tion f rom T ec h nic a l  S erv ic es 
(el ec tric a l  d istrib u tion,  c ool ing  w a ter,  v entil a tion, …  
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A  c o n c i s e s u m m ar y  o f  t h e m ac h i n e o p er at i o n  
A v ai l ab l e o n  T V  m o n i t o r s  t h r o u gh o u t  t h e l ab o r at o r y  
                         A n d  al s o  ac c es s i b l e v i a W W W
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D0 Control Room (Tevatron) 
 
‘Interface’ to the accelerator operation 
T im e ev olu tion of rates  and  lu m inos ity  








Luminosity monitor display 
 
T ime  e v olution of  th e  de liv e re d luminosity 
 
L-R c oinc ide nc e  c ounte rs f or ine lastic  e v ts 
 
L =  N L-R /  σtotv isib le  
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Beam loss rate for proton and anti-protons 
 
D etermined u sing  th e C D F  b eam sh ow er c ou nters ( sc intillators arou nd th e 
b eam pipe at a distanc e of ab ou t 7  m from I P )  
  
           S tab le C onditions      U nstab le c onditions
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I ns t a nt a ne ous  a nd  int e g r a t e d  L I ns t a nt a ne ous  l uminos it y  a nd  
r a t e s  a t  v a r ious  s c int il l a t ion 
c ount e r s  out s id e  t h e  int e r a c t ion 
p oint  
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CDF Online Monitoring 
 
                       (objects reconstructed at LVL-3 trigger farm) 
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Experiment Measurements on Collision Quality 
 ATLAS 
 Se v e r a l  t r i g g e r  r a t e s  w i l l  b e  m e a s u r e d  c o n t i n u o u s l y  i n  ATLAS 
 LV L-1  Tr i g g e r  
o B a s e d  o n  c a l o r i m e t e r s  
 R a t e s  o f  c l u s t e r s  o f  v a r i o u s  k i n d s  a b o v e  t h r e s h o l d s  
o B a s e d  o n  m u o n  t r i g g e r  c h a m b e r s  
 R a t e  o f  m u o n  c a n d i d a t e s  a b o v e  t h r e s h o l d  
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 HLT 
 M o r e  d e t a i l e d  i n f o r m a t i o n  f r o m  c a l o r i m e t e r s  a n d  m u o n s  





 Provision to monitor rates individually for all bunches 
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 Timescale on which rate information can be given to machine 
 
o N u mbers integrated  over all bu nches 
 
    - S u fficient statistics can be accu mu lated  very  q u ick ly  
 
o B u nch-by -bu nch statistics 
 
- D ep end ing on trigger,  timescale of minu tes to collect 
su fficient statistics 
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 F a s t  R e c o n s t r u c t i o n  o f  C o l l i s i o n  P o i n t  
 
o B e a m  p o s i t i o n  m o n i t o r i n g  c a n  b e  d o n e  b y  r e c o n s t r u c t i n g  I n n e r  
D e t e c t o r  t r a c k s  w i t h  t h e  E v e n t  F i l t e r  p r o c e s s o r s  
 
o 1 0  µ m  t r a n s v e r s e  p o s i t i o n  a c c u r a c y   a n d  2  m m  l o n g i t u d i n a l  p o s i t i o n  
a n d  s i z e  a c c u r a c y  w i t h i n  a b o u t  1 0  s .  
 
- R e q u i r e s  I n n e r  D e t e c t o r  ( i n c l u d i n g  P i x e l s )  p o w e r e d  a n d  
o p e r a t i o n a l   
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 I n f o r m a t i o n  f r o m  T r a c k e r  
 
o Z  d i s t r i b u t i o n  a n d  X , Y  p o s i t i o n  
 
  Mo n i t o r  P i x e l  d e t e c t o r  h i t  r a t e  a n d  s i l i c o n  T r a c k e r  e v e r y  1 0  m s  
 
H L T  a n a l y s i s  o f  P i x e l  d e t e c t o r  t o  p r o v i d e  v e r t e x  i n  x ,  y ,  a n d  z  w i t h  
g o o d  a c c u r a c y .  
 
P o s s i b i l i t y  o f  e v e n t u a l  i n f o r m a t i o n  o n  x  a n d  y  w i d t h  o f  l u m i n o u s  
r e g i o n  ( ? )  
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o R e l a t i v e  L u m i n o s i t y  
 
   V e r t e x  c o u n t i n g / e v e n t  r e p o r t e d  e v e r y  s e c o n d  f r o m  P i x e l  
 
   T r a n s m i s s i o n  o f  s u m m a r y  i n f o r m a t i o n  a t  l e a s t  e v e r y  1 0 0  s .  
 
 
 I n f o r m a t i o n  f r o m  M u o n  S y s t e m  
 
o M u o n  h a l o ,  s i z e  a n d  d i s t r i b u t i o n  o f  n e u t r o n  b a c k g r o u n d  
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 I n f o r m a t i o n  f r o m  H C A L  
 
o O c t a n t / Q u a d r a n t  O c c u p a n c i e s  
 
   B a c k g r o u n d  ` i m b a l a n c e ’  
 
o X , Y  p o s i t i o n  u s i n g  a z i m u t h a l  e n e r g y  f l o w  
 
o P o s s i b l e  Z  i n f o r m a t i o n  f r o m  f o r w a r d / b a c k w a r d  r a t e  a s y m m e t r y  
 
 R e l a t i v e  l u m i n o s i t y  
 
  I n f o r m a t i o n  f r o m  f o r w a r d  r a t e s  
 
  
T r a n s m i s s i o n  o f  s u m m a r y  i n f o r m a t i o n  a t  l e a s t  e v e r y  m i n u t e  
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 Unprecedented hostile radiation environment. 
 
 S econdaries f rom pp-interactions responsib le f or hig h radiation 
b ack g rou nd. 
 
 R adiation damag e of  detectors,  materials and electronics 
 
 R adiation saf ety  issu es 
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N eu tro n F lu enc e > 1 0 0  K eV   [ n/ c m2 1 0  y rs  L H C o peratio n at L  =  1 0 3 4  c m-2 s -1] 
 
        R es u lts  in b u lk  d amag e to  b ipo lar d evic es  
 
                            Mika Huhtinen 
                                    E P -C MM 
1011 n / c m 2 
1014  n / c m 2 1017  n / c m 2 
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CMS 
E x p e r i m e n t a l   













 D o s e  [ G y  i n  1 0  y e a r s  o f  L H C o p e r a t i o n  a t  L  =  1 0 34 c m -2 s -1] 
 
D a m a g e  t o  e l e c t r o n i c s  i n  c a v e r n  
 
         Mika Huht in e n  
        E P -C MM   
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 The CMS Central Detector (Tracker, EM Calorimeter, Hadron 
Calorimeter and I nner Mu on Chamb ers )  w ill b e s hielding  ef f iciently  b y  
the mas s  of  the CMS mag net y oke.  
 
 
 How ev er, additional s hielding  is  req u ired p rov ide:  
 
 Ef f ectiv e s hielding  along  the b eam line and es p ecially  arou nd the TA S 
ab s orb er.  
 
 R edu ce the b ackg rou nd rates  in the ou ter mu on chamb ers  (b y  u p  to 6  
orders  of  mag nitu de) .  
 
 P rotect the electronics  in the cav ern ag ains t an ex ces s iv e neu tron 
f lu x  and ab s orb ed dos e.   
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 I ntegral part of personnel shielding. 
 
 C overs parts of ex perim ent and m achine that b ecom e highly  radioactive. 
 
 P rotects ex perim ental area against m achine-induced b ack ground 
em erging from  the L H C  tunnel. 
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 A s  r e s u l t ,  r a d i a t i o n  l e v e l s  i n  t h e  c a v e r n s  a r e  l o w  ( 1  G y / y r )  a n d  b o t h  
A T L A S  a n d  C M S  w i l l  b e  r a t h e r  i n s e n s i t i v e  t o  m a c h i n e -i n d u c e d  
b a c k g r o u n d  s u c h  a s  u p s t r e a m  b e a m  l o s s e s . 
 
 M u o n  r a t e s ,  w h i c h  a r e  t h e  o n l y  p a r t i c l e s  t h a t  p e n e t r a t e  t h e  
s h i e l d i n g  f r o m  t h e  m a c h i n e  s i d e ,  a r e  e s t i m a t e d  t o  b e  b e l o w  
1 0  m u o n s  c m -2 s -1. 
 
 H o w e v e r ,  t h e  s h i e l d i n g  m a k e s  a c c e s s  t o  d e t e c t o r s  v e r y  d i f f i c u l t  a n d  
c o m p l e t i n g  t h e  e x p e r i m e n t a l  d e t e c t o r s  i n  s h o r t  m a c h i n e  s t o p s  
i m p o s s i b l e . 
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LHC Beam Abort 
  
 G e n e r a l  
 
 A b o r t  o n  o b s e r v i n g  s p u r i o u s  b e h a v i o u r  i n  m o n i t o r s .  
o I n j e c t i o n  i n h i b i t  a n d  b e a m  a b o r t .  
 
 
 U s e  d e d i c a t e d  r a d i a t i o n  d e t e c t o r s  i n  t h e  e x p e r i m e n t a l  a r e a s .  
o D i a m o n d  d e t e c t o r s  o n  b e a m  p i p e  a r o u n d  t h e  I P ?  
o I n d e p e n d e n t  o f  e x p e r i m e n t  s u b -d e t e c t o r s .  
 
 
 R e s p o n s e  t i m e  o n  t h e  o r d e r  o f  m a c h i n e  r e s p o n s e  t i m e  ( ~ 2  o r b i t s ) .  
R a d F E T s  a n d  p + / n / n + d i o d e s  t o o  s l o w .  
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 Accident Scenarios 
 
 D 1  W arm  M ag net 
 
o P ow er conv erter trip  
 
o At col l ision energ y  
 
o L oss l ocation in q u adru p ol e trip l et/ col l im ator 
 
o T im e constant of  5  tu rns ( ~ 4 4 0  µs)  
 
o A f ast b eam  ab ort cou l d act on th is tim e scal e.  
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 U n s y n c h r o n i s e d  A b o r t  
 
 
o T h e  d u m p  k i c k e r  d o e s  n o t  h i t  t h e  a b o r t  g a p  
 
o S o m e  o f  t h e  d e v i a t e d  b u n c h e s  c o n t i n u e  i n  t h e  m a c h i n e  a n d  a r e  
l o s t  i n  t h e  n e x t  l i m i t i n g  a p e r t u r e  
 
o A c c i d e n t  d u r a t i o n :  ~ 0 . 2 6  µ s ;  1  × 1 0 12 p r o t o n s  l o s t  i n  P o i n t  5  
( C M S )  
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o B e a m  d u m p  m a l f u n c t i o n s  a f f e c t  m a i n l y  C M S  s i n c e  i t  i s  t h e  o n l y  
e x p e r i m e n t  n e i g h b o u r i n g  t h e  d u m p  i n s e r t i o n  I P 6 .  
 
o B e a m  a b o r t  s y s t e m  w o u l d  n o t  b e  a b l e  t o  r e a c t  i n  t i m e .  
 
o S u c h  a n  a c c i d e n t  m a y  i n d e e d  h a p p e n .  
 
• A n y  t i m i n g  o r  c o n t r o l  l o s s  c o u l d  c a u s e  t h i s  
 
• O c c u r r e d  a t  t h e  T e v a t r o n .  
 
o A b s o r b e r  t o  b e  i n s t a l l e d  a t  I P 6 .  
 
• W o u l d  p r o t e c t  r e s t  o f  t h e  m a c h i n e  
    ( i n c l u d i n g  C M S )  
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p. 50
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LHC Timing Signals & Distribution to Experiments 
 
 L H C  R F  G r o u p  i s  c o n s i d e r i n g  3  c l o c k s  
 
 Stable  r e f e r e n c e  c lo c k  
 
o 4 0 . 0 8  M H z  d e li v e r e d  f r o m  th e  SR 4  F ar ad ay  c ag e  
 
o W i ll s e r v e  as  r e f e r e n c e  c lo c k  o f  th e  L H C  m ac h i n e  
 
o C an  be  u s e d  by  th e  e x p e r i m e n ts  to  c lo c k  th e i r  e le c tr o n i c s  
 
 T w o  c lo c k s  w h i c h  w i ll d r i v e  th e  R F  f o r  th e  tw o  be am s  
 
o L o c k e d  to  th e  r e f e r e n c e  c lo c k  
 
o B u t w i ll v ar y  s i n c e  th e y  ar e  ad j u s te d  to  f o llo w  th e  bu n c h e s  i n  th e  
m ac h i n e  
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 C l o c k  A c c u r a c y  
 
 J i t t e r  o f  r e f e r e n c e  c l o c k  ~ 1 0  p s  a t  o r i g i n  
 
 R F  c l o c k s  a r e  l e s s  a c c u r a t e  
 
o P h a s e  o f  r e f e r e n c e  c l o c k  a n d  R F  c l o c k s  c o u l d  d i f f e r  b y  u p  t o  3 0 0  p s  
 
o R F  c l o c k  p h a s e  c a n  c h a n g e  r a p i d l y  o n  a  t i m e  s c a l e  m u c h  l e s s  t h a n  t h e  
8 8  µ s  L H C  o r b i t  p e r i o d .  
 
o N o  g u a r a n t e e  t h a t  t h e  v a r i a t i o n  i n  t h e  p h a s e  o f  t h e  t w o  R F  c l o c k s  
w i l l  b e  c o r r e l a t e d .  
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 E x p e r i m e n t a l  C o n s i d e r a t i o n s  
 
 E x p e r i m e n t s  r e l y  o n  c o l l i s i o n s  b e i n g  a s  c l o s e  a s  p o s s i b l e  t o  t h e  n o m i n a l  
I P  ( z = 0 )  
 
o E x a m p l e :  C M S  C a l o r i m e t e r  d i g i t i z a t i o n  r e q u i r e s  a  t i m i n g  s i g n a l  w i t h  
<  5 0  p s  j i t t e r  
 
o J i t t e r  a f f e c t s  t h e  a v e r a g e  t i m e  o f  c o l l i s i o n s  i n  t h e  e x p e r i m e n t s  
w i t h  r e s p e c t  t o  t h e  r e f e r e n c e  c l o c k  a n d  t h e  a v e r a g e  c o l l i s i o n  p o i n t  
i t s e l f .  
 
o A  j i t t e r  o f  3 0 0  p s  i m p l i e s  s i g n i f i c a n t  d i s p l a c e m e n t s .  
 
 E x p e r i m e n t s  w o u l d  l i k e  t o  a c c e s s  r e f e r e n c e  s i g n a l  f r o m  t h e  c l o s e t  b e a m  
p i c k -u p  a t  t h e  i n s e r t i o n  r e g i o n   
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Absolute Time Tagging 
 
 




 D erived  from G P S  mod ule(s) 
 
 Located  centrally  in P S  Complex with auxiliary  mod ules at each 
other CE R N  accelerator and  in each pit of the LHC.  
 
 F ibre may  be connected  to the experiments.  
E. Tsesmelis / CERN EST-L EA                                                               8 th W o r k sh o p  o n  Elec t r o n ic s f o r  L H C Ex p er imen t s 
                                                              Co lma r ,  9 -1 3  Sep t emb er  2 0 0 2  
The LHC Beam Position System 
 
 Timing Pick-u p  f o r  t h e  E x p e r ime nt s  ( B PTX )  
 
 Lo ca t e d  ~ 1 5 0 m f r o m t h e  I P in f r o nt  o f  t h e  D 2  M a gne t  
 O ne  B PTX  e it h e r  s id e  o f  t h e  I P o n t h e  inco ming b e a m 
 E x cl u s iv e l y  u s e d  b y  t h e  e x p e r ime nt s  
~150m to the 
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 BPTX Technology 
 
 Choice of Pick-u p  
 
o S t r ip l in e Cou p l er  
 
Pea k v ol t a g e ( on e b u t t on )  ~ 2 0 V  a ft er  2 0 0 m  of ca b l e for  n om in a l  b u n ch 
Pea k v ol t a g e ( on e b u t t on )  ~ 1 V  a ft er  2 0 0 m  of ca b l e for  p il ot  b u n ch 
 
o B u t t on  E l ect r od e B PM  
 
           Pea k v ol t a g e ( on e b u t t on )  ~ 5 V  a ft er  2 0 0 m  of ca b l e for  n om in a l  b u n ch 
Pea k v ol t a g e ( on e b u t t on )  ~ 2 5 0 m V  a ft er  2 0 0 m  of ca b l e for  p il ot  b u n ch 
 
o O t her  T y p e of Pick-u p  
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 Applications 
 
 T w o applications of  B P T X  tim ing  sig nals w e r e  id e ntif ie d  b y  e x pe r im e nts 
 
o M onitor ing  th e  ph ase  of  th e  clock  of  th e  tw o b e am s locally  at th e  I R s 
 
Allow  to d e te r m ine  w h e th e r  th e  T T C  sy ste m  is sy nch r onise d  w ith  
th e  actu al ar r iv al of  th e  b u nch .  
 
o I d e ntif y  th e  location of  th e  g ap in th e  L H C  b u nch  tr ain 
 
E spe cially  u se f u l d u r ing  se tting -u p stag e  of  th e  e x pe r im e nt 
 
 
B oth  m e asu r e m e nts pe r f or m e d  b y  tak ing  su m  of  B P T X  q u ad r ants  
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 Ancillary Systems 
 
 C ab les 
 
o C h o ice o f  tech no lo g y and  lo catio n o f  f ro nt-end  electro nics w ill 
d etermine req u irements f o r cab les.  
 
o P ro cu rred  and  installed  b y L H C  M ach ine 
 
o U nd er th e f inancial and  lo g istical resp o nsib ility o f  th e ex p eriments 
 
o E x p eriments ex p ressed  interest to  p u ll cab les th eir g alleries in th e 
u nd erg ro u nd  areas and  th ence to  th eir u nd erg ro u nd  co u nting  ro o ms 
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 Front-e nd  E l e c troni c s  
 
o U nd e r th e  re s p ons i b i l i ty  of  e x p e ri m e nts  
 
o E ns u re  ra d i a ti on re s i s ta nc e  ( i f  re q u i re d  to op e ra te  i n L H C  
tu nne l )  
 





T e c h ni c a l  l i a i s on g rou p  b e i ng  c re a te d  
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Transverse Centering of the IP 
 
 
 L H C  M a c h i n e  
 
 T h e  m a x i m u m  t r a n s v e r s e  v a r i a t i o n  d u r i n g  a  c o a s t  i s  e x p e c t e d  t o  b e  
< 2 0 %  o f  t h e  b e a m  w i d t h  ( σx,y =  1 6  µ m )  
 
 T h e  m a x i m u m  t r a n s v e r s e  v a r i a t i o n  o f  t h e  b e a m  c o l l i s i o n  p o i n t  
b e t w e e n  c o a s t s  i s  l i k e l y  t o  b e  < ±1  m m .  
 
 T h e  t r a n s v e r s e  p o s i t i o n  o f  t h e  b e a m  c a n  b e  r e -a l i g n e d  b y  t h e  
m a c h i n e  t o  w i t h i n   < ± 1  m m  
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 P l a n to  mo nito r th e tra nsv erse po sitio n o f  th e c o l l isio n po int b y  
rec o nstru c ting  tra c k s in th e inner d etec to rs.  
 
 A  mea su rement o f  th is po sitio n to  a b o u t 1 0  µm a c c u ra c y  c o u l d  b e 
pro v id ed  w ith in 1 0  s.  
 
 A l th o u g h  su c h  mea su rements w il l  f o l l o w  th e mo v ement o f  th e 
d etec to rs,  a  po tentia l  so u rc e o f  erro r is tra nsf o rming  th e 
mea su rements f ro m th e experiment ref erenc e f ra mes to  th a t o f  
th e ma c h ine.  
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 Need for Re-a l i g n m en t  
 
 
 C a v ern  fl oors  a re ex p ec t ed t o m ov e:  
 
 
o O v er t i m e du e t o s et t l i n g  of t h e c on c ret e ( dow n )  a n d 
du e t o t h e h y drol og y  of t h e g eol og y  ( u p ) .  
 
 
o D u ri n g  ex t en ded a c c es s  p eri ods ,  du ri n g  w h i c h  m a j or 
p a rt s  of t h e det ec t ors  a re m ov ed ov er t h e fl oor.  
E. Tsesmelis / CERN EST-L EA                                                               8 th W o r k sh o p  o n  Elec t r o n ic s f o r  L H C Ex p er imen t s 
                                                              Co lma r ,  9 -1 3  Sep t emb er  2 0 0 2  
 
 E s t i m a t i o n s  f o r  t h e  A T L A S  C a v e r n  
 
 
o 2  m m  s e t t l i n g  o f  t h e  f l o o r  f r o m  t h e  t i m e  t h e  c o n c r e t e  i s  p o u r e d  t o  
t h e  t i m e  A T L A S  g e t s  p o s s e s s i o n  o f  t h e i r  e x p e r i m e n t a l  c a v e r n .  
 
o A n  a d d i t i o n a l  5 . 5  m m  s e t t l i n g  o f  t h e  f l o o r  o v e r  t h e  f i r s t  6  m o n t h s  
t h e r e a f t e r  d u e  t o  t h e  w e i g h t  o f  t h e  A T L A S  e x p e r i m e n t .  
 
o A  1  m m  /  y e a r  l i f t  o f  t h e  f l o o r  d u e  t o  h y d r o s t a t i c  p r e s s u r e .  
E. Tsesmelis / CERN EST-L EA                                                               8 th W o r k sh o p  o n  Elec t r o n ic s f o r  L H C Ex p er imen t s 
                                                              Co lma r ,  9 -1 3  Sep t emb er  2 0 0 2  
 
 R e -a l i g n m e n t  P r o c e s s  
 
o ATLAS is not designed to be adjusted 
 
I f  a b o v e  p r e d i c t i o n s  a r e  c o n f i r m e d ,  a n  a d j u s t m e n t  s y s t e m  f o r  t h e  A T L A S  
b a r r e l  m a y  n e e d  t o  b e  i m p l e m e n t e d .  
 
o C M S inc l udes adjustm ent m ec h anism  based on jac k s &  gr ease p ads.  
 
L a t e r a l  a d j u s t m e n t  o f  ± 2 0  m m  a n d  v e r t i c a l  a d j u s t m e n t  o f  ± 5 0  m m  c a n  b e  
p e r f o r m e d  d u r i n g  m a c h i n e  s h u t d o w n  p e r i o d s .  
 
o LH C  M ac h ine 
 
A l i g n  t h e  I R s  w i t h  r e s p e c t  t o  t h e  e x p e r i m e n t s  a n d  n o t  t h e  i n v e r s e .  
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Conclusions 
 
 Overview presented of issues relevant to the interface of the LHC 
m achine and ex perim ents.  
 
 
 Com m on effort to ensure the hig hest q uality  data to b e recorded.  
 
 
 M ust learn from  &  incorporate ex perience from  previously  and presently  
running  facilities ( I S R ,  S P S  Collider,  LE P ,  T evatron,  R HI C,  HE R A , … )  
 
 
 T hese issues need to b e understood and planned from  now.  
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 W i t h  5  a p p r o v e d  e x p e r i m e n t s :  
 
 There will be compromises to be made & priorities to be f ix ed.  
 
 A f ter in itial operation  there will be special req u ests f or particu lar 
ru n n in g  con dition s.  
 
o L ower en erg ies  ( e. g .  1  TeV  on  1  TeV )  to mak e comparison s with 
Tev atron  data.  
 
o L ig hter ion  species & v ariou s en erg ies f or ion  prog ramme.  
 
 
T o t a l l y  n e w  e x p e r i m e n t s  c a n n o t  b e  e x c l u d e d  ( e . g .  M O E D A L  m o n o p o l e  s e a r c h )  
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